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The aim of this study was to observe the effects of uric acid lowering therapy (UALT), 
febuxostat and allopurinol, on blood pressure (BP) and serum creatinine level. Post-hoc 
data were derived from a phase-Ill, randomised, double-blind, 4-week trial of male gouty 
patients that compared the safety and efficacy of febuxostat and allopurinol in adults with 
gout. The subjects were randomly assigned to one of five groups, 35-37 in each group 
(febuxostat: 40, 80, 120 mg/d; allopurinol: 300 mg/d; control group: placebo). Blood 
pressure and serum creatinine level were measured at baseline and at weeks 2 and 4. 
Diastolic BP and creatinine level had decreased significantly in the UALT groups compared 
to the control group at week 4. Diastolic BP had decreased significantly in the allopurinol 
group and serum creatinine level had decreased significantly in the febuxostat groups at 
week 4. After adjusting for confounding variables, serum uric acid changes were found to 
be significantly correlated with changes in serum creatinine level but were not associated 
with changes in systolic or diastolic BP. UALT in gouty subjects significantly decreased 
diastolic BP and serum creatinine level. Changes in uric acid were significantly correlated 
with those in serum creatinine level, suggesting the feasibility of renal function 
improvement through UALT in gouty men. 
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INTRODUCTION 

Recent reports have linked hyperuricemia to the increased risk 
of hypertension, and the progression of renal disease (1). Hy- 
peruricemia was found to precede the development of hyper- 
tension and to be present in the majority of newly diagnosed 
hypertensive adolescents (2, 3). In a recent cohort study in Ja- 
pan, hyperuricemia was associated with a greater incidence of 
patients developing end-stage renal disease (ESRD) and was an 
independent predictor of ESRD in women (4). A high uric acid 
level also correlated with the development of renal insufficien- 
cy in patients with type 2 diabetes (5). However, many confound- 
ing factors have made it difficult to draw firm conclusions from 
epidemiological studies examining the influence of hyperuri- 
cemia on blood pressure (BP) and renal function. Recent stud- 
ies have shown that allopurinol therapy decreased BP and helped 
preserve kidney function in hyperuricemic subjects, suggesting 
a direct causative role for hyperuricemia (6). In line with these 
results, a Japanese survey revealed that most nephrologists rec- 
ommended uric acid lowering therapy (UALT) in patients in 
chronic kidney disease (7). The effects of UALT on BP and kid- 
ney function in gouty subjects, however, have been scarcely re- 
ported, especially in a randomized controlled trial setting. The 
aim of this study was to observe the short-term effects of UALT, 



febuxostat and allopurinol, on BP and serum creatinine level, 
through a post-hoc analysis of data from a randomised controlled 
trial of gouty patients with normal renal function. 

MATERIALS AND METHODS 

The data were derived from a phase-Ill, randomised, double- 
blind, 4-week trial that compared the safety and efficacy of fe- 
buxostat and allopurinol in adult subjects with gout. The sub- 
jects met the preliminary criteria of the American College of 
Rheumatology for gout and had serum urate concentrations > 
8.0 mg/dL at screening (8). The ineligibility criteria included a 
serum creatinine concentration > 1.5 mg/dL (133 |iM/L), use 
of thiazide diuretics or medications containing aspirin or other 
salicylates, active liver disease, and an alcohol intake of more 
than 14 drinks/week. The study was performed at 10 university- 
affiliated hospitals in Korea. Approval was obtained from the 
institutional review boards of each center and all subjects pro- 
vided written informed consent. 

Subjects already on UALT underwent a 2-week washout be- 
fore the trial. The subjects were then randomly assigned to one 
of five groups: three febuxostat (Pantheon, Bourgoin-Jallieu, 
France) groups receiving 40, 80, and 120 mg/d, an allopurinol 
(Samil Pharmaceuticals, Seoul, Korea) group receiving 300 mg/ 
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d, and a control group receiving a placebo. Each patient under- 
went physical and laboratory examinations at baseline and at 
weeks 2 and 4. Laboratory samples were collected from each 
patient following a 12-hr fast, and tests (including serum uric 
acid and creatinine) were performed using standard assays at 
the central study laboratory. BP was measured with a sphygmo- 
manometer and the second and third of three measurements 
were averaged to estimate systolic and diastolic pressure. eGFR 
was calculated according to the following formula: eGFR = 186 
X Creatinie^^'^ x Age'^'" x (0.742 if female) x (1.210 if black). 

Because continuous variables did not follow normal distribu- 
tion according to Sharpiro-Wilk test except for creatinine level, 
baseline differences between treatment groups were evaluated 
using Kruskal-Wallis test (SAS, version 9.2, SAS Institute, Gary, 
NG, USA). Ghi-square tests were used for categorical variables. 
Differences between results at baseline and week 2 or 4 were 
tested using the Mann-Whitney U and chi-square tests for con- 
tinuous and categorical variables, respectively. Ghanges in BP, 
serum creatinine levels and eGFR among the experimental groups 
were compared using a linear mixed-effects model after adjust- 
ment for age, body mass index (BMI), smoking, and baseline 
BP, creatinine, and eGFR. To observe the relationship between 
decreases in serum uric acid and decrease in BP, serum creati- 
nine, or eGFR, the correlation between decrease in uric acid lev- 
el and the decrease in BP, serum creatinine or eGFR level were 
examined using linear regression analysis with generalized es- 
timating equation (GEE) after adjusting for age, BMI, treatment 
group, and baseline serum uric acid, baseline BP, baseline se- 
rum creatinine and eGFR. 

Data were available for 179 patients (febuxostat 40 mg/d, n = 
35, 80 mg/d, n = 35, 120 mg/d, n = 36; allopurinol 300 mg/d, n = 
36; placebo, n = 37). Seven patients (2 placebo, 1 febuxostat 80 
mg/d, 2 febuxostat 120 mg/d, 2 allopurinol) missed a follow-up 
or withdrew prematurely after week 2. Missing data were anal- 



ysed by applying the last-observation-carried-forward method. 
Significance was established at the 95% confidence level (P < 
0.05). All reported P values are two-sided. 

Ethics statement 

This post-hoc analysis used data derived from a randomized 
controlled trial. According to standard operating protocol of 
Hallym University Sacred Heart Hospital institutional review 
board (IRB), IRB approval was waived. 

RESULTS 

Demographic and laboratory parameters, including mean age, 
BMI, systolic and diastolic BP, serum creatinine, and fasting glu- 
cose, did not differ among the experimental groups at baseline 
(Table 1). All subjects were male. 

Changes in BP and laboratory parameters 

Table 2 presents changes in systolic and diastolic BP and labo- 
ratory parameters of all subjects from baseline to weeks 2 and 4. 
At week 4, diastolic BP had increased significantly in the control 
group and decreased significantly in the allopurinol group. Sys- 
tolic BP had decreased significantly in the allopurinol and fe- 
buxostat 120 mg/d group. Serum creatinine levels and eGFR 
had decreased significantly in the febuxostat 40 mg/d group at 
week 2 and in the febuxostat 120 mg/d group at week 4. After 
adjusting for confounding variables, no significant difference 
compared to baseline in changes of BP and serum creatinine 
levels was observed in any of the five groups (data not shown). 
Comparison of the four UALT groups combined (any UALT) 
with the control group revealed no significant difference in sys- 
tolic BP at any time point (data not shown). Any UALT group 
showed significantly decreased diastolic BP and serum creati- 
nine at week 4 compared to control. The same analysis was per- 



Table 1. Baseline characteristics of tlie subjects 



Parameters 


Control (n = 37) 


AllopurinoLSOO (n = 36) 


Febuxostat_40 (n = 35) 


Febuxostat_80 (n = 35) 


Febuxostat_120 (n = 36) 


Age (yr) 


51.8 + 12.4 


48.3 + 11.8 


49.6 + 11.9 


49.1 + 12.4 


51.2 + 9.9 


Body mass index (kg/m^) 


25.8 + 3.0 


25.9 + 3.2 


26.4 + 3.5 


25.4 + 2.6 


25.9 + 2.1 


Systolic blood pressure (mmHg) 


128.5 + 14.5 


129.3 + 14.0 


129.3 + 15.2 


130.6 + 11.6 


131.0 + 16.3 


Diastolic blood pressure (mmHg) 


81.1 + 11.7 


82.2 + 9.7 


82.0 + 11.7 


82.1 + 8.7 


83.2 + 12.8 


BUN (mg/dL) 


15.5 + 4.2 


14.5 + 3.1 


15.9 + 3.2 


14.2 + 4.2 


14.7 + 3.4 


Creatinine (mg/dL) 


1.2 ± 0.1 


1.2 + 0.1 


1.2 + 0.1 


1.2 + 0.1 


1.2 + 0.1 


eGFR 


68.9 + 10.7 


71.5 + 9.6 


67.3 + 10.7 


68.7 + 13.0 


66.5 + 8.8 


Uric acid (mg/dL) 


9.7 + 1.3 


9.5 + 1.0 


9.7 + 1.1 


9.5 + 1.3 


9.5 + 1.0 


Cholesterol (mg/dL) 


190.8 + 35.5 


202.9 + 31.5 


191.5 + 36.1 


192.0 + 32.0 


192.7 + 38.8 


Triglyceride (mg/dL) 


222.6 + 153.0 


261.2 + 139.3 


201.3 + 104.1 


186.9 + 102.3 


171.0 + 106.8 


Fasting glucose (mg/dL) 


94.1 +11.2 


95.4 + 12.6 


93.6 + 11.4 


95.7 + 14.0 


94.9 + 14.7 


AST (mg/dL) 


28.6 + 8.3 


29.2 + 10.5 


27.8 + 6.1 


28.0 + 7.7 


26.4 + 6.2 


ALT (mg/dL) 


31.9 + 12.2 


36.4 + 18.1 


31.6 + 12.3 


32.4 + 12.2 


31.0 + 12.2 


Current smoker (%) 


14(37.8) 


17(47.2) 


9 (25.7) 


12(34.3) 


12(33.3) 



Values are mean + SD, unless specified otherwise. eGFR = 1 86 x Serum Creatinine"^^^'^xAge"°^°^x(1 .212 if Black) x (0.742 if Female). BUN, blood urea nitrogen; AST aspar- 
tate aminotransferase; ALT alanine aminotransferase. 



1078 http://jknns.org 



http://dx.d0i.0rg/l 0.3346/jkms.201 4.29.8.1 077 



Kim HA, et al. • Effect of Uric Acid Lowering on Blood Pressure and Creatinine 



jms 



|2 



CD 



. CD T— 



- >^ ^ CM 



C7) ^ T— ^ -.— T— 



O O -I— 



CO CO 



+1 o +1 

^ II ^ 

^ cl 



+1 



CO LO CJ^ C7) 

o ^ o _ ^ _ 

o +1 o +1 +1 +1 

II CJ^ II CD CT) 

ex. CD cl CM CO — 



CO -I— 



-I— 1^ -I— 



+1 



' C\J 



' LO 1^ oo 
CO 



^ ^ ^ ^ ^ 



+1 +1 +1 +1 



+1 +1 +1 



CO CJ^ 
LO C\j 



o +1 

II ^ 

CO 



+1 o 

^ II 

CO 



+1 



15.65 


11.34 


3.91 


0.08 


5.61 


CO 
CO 


26.54 


79.74 


13.92 


032) 


8.97 


13.87 


+1 


+1 


+1 


+1 


+1 


+1 


+1 


+1 


+1 


o 


+1 


+1 




o 

CM 


C\J 


CM 
O 


oo 




o 


LO 


1^ 


II 




LO 


o 


CD 


o 


O 


o 




CM 










CO 



-I— 1— CO 



+1 



+1 +1 +1 



-I— 1— CO 



T— 1— O 



LO 1— CM 1— 

+1 +1 +1 +1 

OO CO 



^ I^CDCZ)LOI^CDO 



^ ^ CM 



+1 o 



o 1— -I— 



+1 o +1 o +1 +1 +1 

CO II CO II ^ 

O CJ) CO CM -I— 



T— CJ) 



T— CM T— 



O 

cnJ § o 
+1 o +1 

-^^t II CM 



1— CO CJ) 

+1 +1 +1 



CD 1^ 1— 
^ ^ CO 
1— CM 1^ 



1^ 1^ 1^ 



-I— O 



CO T— o 

c6 g o 
+1 o +1 

o II ^ 
P 



LO CM 



+1 +1 +1 



+1 +1 



O -I— CO -I— 1— 



CD O) 

E E 



E 
E 



+1 



oo T— 



CvJ 
CO 


036) 


1^ 

LO 


029) 




O 


OO 


C\J 




OO 


CD 


OO 
CD 


O 
OO 


LO 


o 


CO 








CD 






CM 


CM 






CO 


CD 


CD 














+1 


o 


+1 


CD 


+1 


+1 


+1 


+1 


+1 


+1 


+1 


+1 


+1 


OO 


II 


1^ 


II 


CD 


CM 


OO 


CD 


CO 


OO 


CO 




O) 
OO 


o 




CD 




CNJ 


O 


o 


1^ 


o 


o 


OO 


C7) 


LO 


CO 




O 


O 
CD 


CD 


CO 






CD 




CD 



T— CD T— 



+1 c5 



■ o 

CD £= 

■| E 



^ h- " 



formed to compare the control, allopurinol, and 3 febuxo- 
stat combined groups. At week 4, diastolic BP had decreas- 
ed significantly in the allopurinol group compared with 
the other two groups (Table 3), and serum creatinine level 
had decreased significantly and eGFR increased signifi- 
cantly in the febuxostat group compared with the control 
group. 

Relationship between changes in uric acid level and 
changes in blood pressure or serum creatinine level 

Analysis was performed to determine associations be- 
tween the change in uric acid and changes in BP, serum 
creatinine levels and eGFR. Lower target uric acid levels 
tended to be associated with decreased diastolic BP and 
serum creatinine levels (data not shown). After adjusting 
for age, BMI, treatment group, and baseline serum uric 
acid, baseline BP, baseline serum creatinine level and base- 
line eGFR, changes in serum uric acid level were not asso- 
ciated with changes in systolic or diastolic BP (Table 4), but 
were significantly associated with changes in serum creati- 
nine level and eGFR (0.005 mg/dL decrease in serum cre- 
atinine and 0.34 increase in eGFR for every 1 mg/dL de- 
crease in uric acid, P < 0.001). 

DISCUSSION 

This post-hoc analysis of a double-blind, 4-week, rando- 
mised controlled trial comparing the efficacy of three dif- 
ferent doses of febuxostat, allopurinol and a placebo found 
that UALT significantly decreased diastolic BP and serum 
creatinine. Comparison of the control, allopurinol, and 
combined febuxostat groups demonstrated that diastolic 
BP decreased in the allopurinol group and serum creati- 
nine decreased in the febuxostat group. Changes in uric 
acid level were significantly correlated with changes in se- 
rum creatinine level. 

The mechanism of BP elevation and renal injury by in- 
creased serum uric acid has been investigated in animal 
models. Elevation of serum uric acid by the inhibition of 
uricase in the rat results in development of hypertension 
mediated by endothelial dysfunction and activation of the 
renin- angiotensin system (9). Over time, the rats devel- 
oped renal microvascular disease with arteriolosclerotic- 
type lesions. Renal injury in hyperuricemic rats consisted 
of afferent arteriolopathy, mild tubulointerstitial fibrosis, 
glomerular hypertrophy, and eventually, glomerulosclero- 
sis (10). Uric acid may increase BP by inhibiting nitric ox- 
ide (NO) bioavailability, thereby inducing endothelial dys- 
function (11). 

In a prospective study, hyperuricemic patients with nor- 
mal renal function showed decreased systolic and diastolic 
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Table 3. Changes in diastolic blood pressure, serum creatinine level and eGFR after uric acid lowering therapy 



Variables 


Diastolic blood pressure (mmHg) 


Serum creatinine (mg/dL) 




eGFR 


Baseline 


Week 4 


Baseline 


Week 4 


Baseline 


Week 4 


Control (n = 37) 


82.19 + 1.27 


84.84 + 1.27 


1.22 + 0.01 


1.23 + 0.01 


68.73 + 0.76 


68.13 + 0.76 


Allopurinol (n = 36) 


82.51 + 1.28 


78.84 + 1.28** 
(P= 0.008) 


1.21 + 0.01 


1.22 + 0.01 


68.87 + 0.78 


68.80 + 0.78 


Febuxostat (40, 80,120 mg/day 


82.14 + 0.74 


82.71 + 0.74 


1.22 + 0.01 


1.19 + o.or* 


68.42 + 0.45 


69.96 + 0.45* 


combined) (n = 106) 








(P= 0.007) 




(P= 0.031) 



Values are mean + SE. Linear mixed model for repeated measures was used with BP, serum creatinine or eGFR as response variables, and age, BMI, smoking, baseline value 
of the response variable were adjusted. *P value for the difference from control; **P value for the difference from control. 



Table 4. Association between the change in serum uric acid and blood pressure, se- 
rum creatinine level or eGFR 



Variables 


Systolic blood 
pressure 


Diastolic blood 
pressure 


Serum 
creatinine 


eGFR 


(3 


0.251 


0.026 


0.005 


-0.340 


Standard error 


0.193 


0.151 


0.001 


0.085 


P value 


0.1935 


0.8656 


< 0.0001 


< 0.0001 



(3 denotes the change of blood pressure (mmHg), serum creatinine (mg/dL) or eGFR 
per decrease of serum uric acid of 1 .0 mg/dL. The relationship between serum uric 
acid level and BP, serum creatinine or eGFR was analyzed by using linear regression 
model with linear regression analysis with generalized estimating equation (GEE) after 
adjusting age, BMI and treatment group. 



BP and C-reactive protein (CRP) after treatment with 300 mg/d 
allopurinol for 3 months (12). Systolic and diatolic BP decreased 
by 4 mmHg and 2 mmHg, respectively in the allopurinol treat- 
ed group. This result is comparable to our allopurinol-treated 
subjects, who showed decrease of 6 and 4 mmHg in systolic 
and diastolic pressure, respectively. In another prospective, 
randomised, controlled trial including 54 hyperuricemic pa- 
tients with chronic kidney disease, patients treated with allopu- 
rinol for 12 months showed no decrease in systolic or diastolic 
BP (6). This discrepancy may stem from differences in study 
subjects (normal vs. compromised renal function). The lower- 
ing of uric acid may not effectively normalise BP in arteries with 
irreversible structural changes, highlighting the importance of 
early correction of hyperuricemia. In our study, diastolic BP de- 
creased significantly in the combined UALT groups, especially 
in the allopurinol group. Although allopurinol and febuxostat 
are both xanthine oxidase inhibitors, allopurinol differs from 
febuxostat in the inhibition of additional enzymes in the purine 
and pyrimidine metabolism pathways (13). A study comparing 
allopurinol and probenecid showed that probenecid improved 
endothelial function less effectively (14), raising the possibility 
that the effects of allopurinol are mediated by its ability to re- 
duce vascular oxidative stress rather than by urate reduction. 
This hypothesis is commensurate with our result that the change 
in serum uric acid was not associated with the change in systol- 
ic or diastolic BP. On the other hand, a longer-term study showed 
that febuxostat significantly ameliorated systolic and diastolic 
blood pressures in gouty patients with hypertension following a 
treatment period for 28 weeks (15). Furthermore, a recent study 
showed that although febuxosat and allopurinol both effective- 



ly lower uric acid levels in patients with severe gout, after 1 yr of 
therapy, a carotid-femoral pulse wave velocity, an index of arte- 
rial stiffening increased only in the allopurinol group (16). 

Significant changes in serum creatinine were achieved after 
only 1 month in any UALT group in our study. The decrease in 
serum creatinine was significant only in the febuxostat group in 
3 group comparison. In a recent post-hoc analysis of an open- 
label clinical trial of febuxostat in 116 gouty subjects, 1 mL/min 
improvement of glomerular filtration rate was observed for each 
1 mg/dL decrease in serum uric acid (17). On the other hand, 
another study showed that treatment with allopurinol led to 
decreases in serum creatinine after 3 months (12). The absence 
of such effects caused by allopurinol in our study may, thus, be 
due to our small sample size or short follow-up period. 

Our study has strengths and limitations. Our data were de- 
rived from a randomised controlled trial, eliminating potential 
biases associated with a non- controlled setting. The significance 
of the hypertension data in this study, on the other hand, may 
be limited due to a small number of study patients with few pa- 
tients defined as hypertensive, and short study duration. Larger, 
longer-term studies may establish the influence of anti-hyper- 
uricemic drugs on blood pressure. Although febuxostat group 
showed significantly decreased serum creatinine level, the ab- 
solute value of this decrease was small (0.03 mg/dL). Consider- 
ing that the study duration was only 4 weeks, more sustained 
suppression might have led to further change. In a recent report, 
for every 1 -mg/dL decrease in serum uric acid level from base- 
line, an improvement of 1.15 mL/min in eGFRper year was ob- 
served within the 4-yr period of study (18). The study was per- 
formed in male gouty patients with normal kidney function, and 
the results may not be extrapolated to female patients or to those 
with renal insufficiency. 

In conclusion, UALT in male gouty subjects significantly de- 
creases diastolic BP and serum creatinine level. Changes in uric 
acid level are significantly correlated with changes in serum cre- 
atinine level, suggesting the feasibility of preventing renal func- 
tion deterioration through UALT in gouty subjects. 
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